Introduction {#s1}
============

Hypoglycemia induced by antidiabetic agents is a serious problem for the treatment of patients with type 2 diabetes. In addition to subjects showing consciousness disturbance secondary to damage of the central nervous system, fatal cases have been reported in patients with severe hypoglycemia \[[@R01]\]. Furthermore, it has been described that a lack of awareness regarding hypoglycemia is frequently observed in patients with type 2 diabetes certain antidiabetic agents \[[@R03]\] and that hypoglycemia is associated with cognitive dysfunction \[[@R06]\]. Because recent clinical trials have demonstrated that intensive glycemic control worsens the prognosis of patients with type 2 diabetes due to the occurrence of cardiovascular events, which is considered to be associated with hypoglycemia, the achievement of a target blood glucose level to avoid hypoglycemia is currently recommended for the management of diabetes \[[@R07]\].

Due to the availability of a wide variety of antidiabetic agents, the prescription rate of antidiabetic agents has significantly changed in recent years \[[@R13]\]. Therefore, the details of prescription may also be diverse in diabetic patients with severe hypoglycemia, although hypoglycemia associated with antidiabetic agents is generally induced by an excessive effect of insulin and/or insulin secretagogues such as sulfonylureas (SU) and glinides. Thus, we hereby investigated the secular trends in the clinical characteristics and prescriptions of type 2 diabetic patients with severe hypoglycemia between 2008 and 2013.

Materials and Methods {#s2}
=====================

Two hundred and six patients who were diagnosed with severe hypoglycemia were screened from 27,486 subjects who visited the emergency room of Edogawa Hospital, Tokyo, Japan, by ambulance between 2008 and 2013. After excluding subjects with type 1 diabetes (n = 7), without diabetes (n = 4) and whose medication was unknown (n = 2), 193 patients with type 2 diabetes receiving antidiabetic agents were investigated in the current study. All cases matched the definition of severe hypoglycemia proposed by the American Diabetes Association and the Endocrine Society \[[@R04]\], because they required the assistance of another person, such as emergency services, to actively administer carbohydrates, glucagon or take other corrective actions.

The study subjects were divided into three groups based on the period of visit: 2008 - 2009, 2010 - 2011 and 2012 - 2013. The clinical characteristics and prescriptions of the patients were investigated using the patients' medical records. Liver dysfunction was defined as both aspartate aminotransferase and alanine aminotransferase values \> 40 IU/L according to the reference values in our hospital. The necessity for hospitalization was judged by the physicians who examined the patients in the emergency room.

This study was conducted according to the principles expressed in the Declaration of Helsinki. The Ethics Committees of Edogawa Hospital approved the protocol of this study and waived the need for written informed consent because this cross-sectional study anonymously analyzed data stored in the hospital database (approval number: 2015-16).

Statistical methods {#s2a}
-------------------

All data are presented as the mean ± SD. The Wilcoxon rank sum test and the χ^2^ test were used for between-group comparisons of continuous and categorical variables, respectively. Significant differences in the comparison of continuous variables among the three groups were assessed using the Kruskal-Wallis test. Differences of P \< 0.05 (two-tailed) were considered to be statistically significant. The statistical software package JMP, version 8.0 (SAS Institute, Cary, NC, USA), was used to perform all of the analyses.

Results {#s3}
=======

[Table 1](#T1){ref-type="table"} shows the trends in the clinical characteristics and prescriptions of the study subjects. The percentage of subjects transported by ambulance, male subjects, patients' age, duration of diabetes, body mass index (BMI), levels of blood glucose at arrival, HbA1c, estimated glomerular filtration rate (eGFR) and prevalence of liver dysfunction did not differ among the groups according to the period of visit. While the proportion of subjects using insulin, biguanides, glinides and dipeptidyl peptidase (DPP)-4 inhibitors significantly increased in recent years, those receiving SU significantly decreased. The number of antidiabetic agents and total drugs, including non-antidiabetic agents, gradually increased significantly.

###### Trends in the Clinical Characteristics and Prescriptions of Type 2 Diabetic Patients With Severe Hypoglycemia

                                                        2008 - 2009 (n = 49)   2010 - 2011 (n = 79)   2012 - 2013 (n = 65)   P
  ----------------------------------------------------- ---------------------- ---------------------- ---------------------- ---------
  Percentage of subjects transported by ambulance (%)   0.67                   0.85                   0.60                   0.23
  Male subject (%)                                      67                     58                     58                     0.53
  Age (years)                                           73 ± 11                71 ± 12                72 ± 10                0.55
  Duration of diabetes (years)                          17 ± 14                18 ± 13                18 ± 10                0.85
  Body mass index (kg/m^2^)                             22.0 ± 3.5             22.6 ± 3.9             22.9 ± 4.5             0.66
  Blood glucose at arrival (mg/dL)                      33 ± 16                36 ± 16                38 ± 15                0.45
  HbA1c (%)                                             7.3 ± 1.9              6.9 ± 1.2              7.3 ± 1.6              0.35
  eGFR (mL/min/1.73 m^2^)                               60.3 ± 24.6            57.0 ± 31.8            59.8 ± 32.0            0.81
  eGFR \< 60 mL/min/1.73 m^2^ (%)                       55                     59                     57                     0.90
  Liver dysfunction (%)                                 5                      4                      8                      0.72
  Required hospitalization (%)                          39                     43                     42                     0.89
  Medication for diabetes (%)                                                                                                
    Insulin                                             55                     49                     74                     \< 0.01
    Sulfonylureas                                       45                     48                     20                     \< 0.01
    Biguanides                                          6                      22                     20                     0.04
    Thiazolidinediones                                  12                     11                     6                      0.44
    α-glucosidase inhibitors                            18                     27                     11                     0.05
    Glinides                                            2                      0                      8                      0.01
    DPP-4 inhibitors                                    0                      14                     22                     \< 0.01
    GLP-1 receptor agonists                             0                      0                      0                      \-
  Number of antidiabetic agents                         1.8 ± 0.7              2.1 ± 0.7              2.2 ± 0.8              0.04
  Number of non-diabetic agents                         3.2 ± 2.7              4.2 ± 3.1              4.3 ± 3.2              0.11
  Number of total drugs                                 5.0 ± 2.8              6.3 ± 3.2              6.5 ± 3.0              0.02

DPP-4: dipeptidyl peptidase-4; GLP-1: glucagon-like peptide-1. The P value was determined among the groups divided by the period of visit.

The trends in the triggers of severe hypoglycemia in the study subjects are shown in [Table 2](#T2){ref-type="table"}. Although a decreased food intake including diabetes sick days and alcohol consumption did not change, errors of drug use significantly increased in recent years.

###### Trends in the Triggers of Severe Hypoglycemia

                              2008 - 2009 (n = 49)   2010 - 2011 (n = 79)   2012 - 2013 (n = 65)   P
  --------------------------- ---------------------- ---------------------- ---------------------- ------
  Decreased food intake (%)   39                     37                     34                     0.86
  Errors of drug use (%)      18                     28                     37                     0.04
  Alcohol consumption (%)     8                      1                      5                      0.15
  Unknown (%)                 33                     29                     22                     0.34
  Others (%)                  2                      5                      3                      0.63

The P value was determined among the groups divided by the period of visit.

When considering drugs mainly associated with hypoglycemia, insulin, SU, combination of insulin and SU and other antidiabetic agents were prescribed in 113, 72, one and seven patients, respectively. [Table 3](#T3){ref-type="table"} shows the trends in the clinical characteristics and prescriptions of patients whose hypoglycemia was caused by insulin (n = 113) and SU (n = 72). The rate of required hospitalization gradually elevated among the subjects using SU. The total number of patients prescribed antidiabetic agents, non-diabetic agents and the total number of drugs significantly increased in recent years among patients receiving insulin therapy. [Figure 1](#F1){ref-type="fig"} demonstrates the scatter plots of the eGFR, patients' age, BMI and HbA1c value in patients with severe hypoglycemia categorized by antidiabetic agents (insulin or SU) over the entire study period. Subjects receiving SU tended to be elderly, have a low eGFR value, high BMI and low HbA1c level, while patients receiving insulin therapy did not show consistent trends.

###### Trends in the Clinical Characteristics and Prescriptions of Type 2 Diabetic Patients With Severe Hypoglycemia Caused by Insulin and Sulfonylureas

                                     Insulin       Sulfonylureas                                                                        
  ---------------------------------- ------------- --------------- ------------- --------- ---------------- ------------- ------------- ------
  Male subject (%)                   77            67              65            0.52      57               47            31\*          0.32
  Age (years)                        68 ± 11       67 ± 12         70 ± 9        0.56      80 ± 6\*\*       75 ± 9\*\*    77 ± 10\*     0.09
  Duration of diabetes (years)       15 ± 15       21 ± 15         19 ± 10       0.13      19 ± 13          15 ± 10       17 ± 11       0.58
  Body mass index (kg/m^2^)          20.5 ± 2.5    22.2 ± 4.0      22.1 ± 4.3    0.25      24.2 ± 4.1\*\*   23.5 ± 3.6    24.0 ± 4.4    0.87
  Blood glucose at arrival (mg/dL)   35 ± 18       44 ± 19         40 ± 16       0.20      31 ± 13          29 ± 7\*\*    32 ± 12\*\*   0.68
  HbA1c (%)                          8.1 ± 2.2     7.4 ± 1.4       7.7 ± 1.7     0.22      6.3 ± 0.8\*\*    6.6 ± 0.7\*   6.4 ± 0.8     0.34
  eGFR (mL/min/1.73 m^2^)            65.7 ± 28.8   57.9 ± 35.1     59.9 ± 34.4   0.62      54.2 ± 18.5      53.6 ± 27.4   63.3 ± 21.0   0.33
  eGFR \< 60 mL/min/1.73 m^2^ (%)    36            58              58            0.20      78\*\*           64            50            0.28
  Liver dysfunction (%)              0             6               8             0.25      6                3             8             0.76
  Required hospitalization (%)       27            31              29            0.95      52               58\*          92\*\*        0.02
  Number of antidiabetic agents      1.9 ± 0.6     2.2 ± 0.6       2.3 ± 0.7     0.03      1.6 ± 0.8        2.0 ± 0.8     2.1 ± 0.9     0.17
  Number of non-diabetic agents      2.3 ± 2.4     4.1 ± 3.0       4.3 ± 3.3     0.02      4.1 ± 2.7\*      4.6 ± 3.3     4.0 ± 2.7     0.92
  Number of total drugs              4.2 ± 2.6     6.2 ± 2.9       6.6 ± 3.2     \< 0.01   5.8 ± 2.8\*      6.6 ± 3.3     6.1 ± 2.5     0.78

The P value was determined among the groups divided by the period of visit. \*P \< 0.05 and \*\*P \< 0.01 vs. the corresponding value in patients receiving insulin therapy.

![Scatter plots of (A) eGFR and patients' age and (B) body mass index and HbA1c value categorized by the antidiabetic agents during the entire study period. Open blue squares and closed red circles indicate the patients with severe hypoglycemia induced by insulin and sulfonylureas, respectively.](jocmr-08-710-g001){#F1}

Discussion {#s4}
==========

In the present study, the number of patients with severe hypoglycemia using insulin, biguanides, glinides and DPP-4 inhibitors significantly increased in recent years, while those receiving SU significantly decreased. Both the number of antidiabetic agents and total drugs gradually increased. Ambulatory treatment of type 2 diabetes has dramatically changed recently. Combination therapy of antidiabetic agents has continuously increased and the prescription pattern is now complicated \[[@R13]\], which are considered to be some reasons for the increasing number of agents prescribed for type 2 diabetic patients with severe hypoglycemia. While the prescription rates of SU and α-glucosidase inhibitors have decreased, those for DPP-4 inhibitors and biguanides have continually increased among outpatients with type 2 diabetes \[[@R13]\]. Similar trends were observed among hypoglycemic patients in the present study. Furthermore, the number of hypoglycemic patients receiving insulin therapy significantly increased in 2012 - 2013. Because the percentage of the subjects receiving insulin therapy did not change dramatically in recent years \[[@R13], [@R14]\], the increased number of patients with severe hypoglycemia associated with insulin therapy might be due to popularization of basal-bolus insulin therapy secondary to the development of insulin preparations and devices for injection.

Although there are many triggers for hypoglycemia in clinical practice, only errors of drug use have increased significantly in recent years according to the findings of the present study. This issue may be associated with the complexity of the prescription caused by the increase in the number of prescription drugs described above.

Various factors have been described to be risk factors for hypoglycemia associated with antidiabetic agents in patients with type 2 diabetes such as male sex, older age, long duration of diabetes, lower BMI, lower HbA1c level, renal dysfunction, previous hypoglycemia unawareness, cognitive dysfunction, peripheral neuropathy and concomitant medication \[[@R17]\]. In our present study, subjects receiving SU demonstrated characteristic features including older age, low eGFR value, high BMI and low HbA1c value, while those receiving insulin did not show consistent trends. Furthermore, the prevalence of patients who required hospitalization was significantly more frequent among subjects receiving SU compared with those receiving insulin therapy because it is well-known among physicians that hypoglycemia caused by SU is often prolonged especially in patients with renal impairment, compared to insulin-induced hypoglycemia \[[@R22], [@R23]\].

The number of antidiabetic agents, non-antidiabetic agents and total drugs was elevated in recent years among patients on insulin therapy. This is considered to reflect the notion that drug prescription is complicated in patients receiving insulin therapy. Therefore, intensive education in the usage rule of the drugs, including diabetes sick days, is especially important for type 2 diabetic patients treated with insulin in order to prevent severe hypoglycemia.

There are several limitations associated with the present study that should be kept in mind when interpreting the results. First, our study was a retrospective study with a rather small number of subjects at a single institution. Therefore, it is necessary to note the possibility that the statistical difference in the clinical parameters among the periods may have occurred incidentally due to the low statistical power. Second, our study did not include any subjects using sodium-glucose co-transporter 2 inhibitors, the latest oral antidiabetic agent which became available in April 2014 in Japan. Another investigation is necessary to determine the most recent condition of severe hypoglycemia. However, we believe that complicated prescriptions, including both antidiabetic and non-antidiabetic agents, and errors of drug use are now major problems for type 2 diabetic patients with severe hypoglycemia especially in subjects using insulin.

Conclusions {#s4a}
-----------

Polypharmacy and errors of drug use have increased in type 2 diabetic patients with severe hypoglycemia in recent years. Intensive education in the usage rule of the drugs, including diabetes sick days, is important in order to prevent the occurrence of severe hypoglycemia.
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